Inhibition of venom phospholipases A2 by manoalide and manoalogue. Stoichiometry of incorporation.
We have previously described the irreversible inhibition of cobra venom phospholipase A2 (PLA2) by the marine natural product manoalide (MLD) (Lombardo, D., and Dennis, E. A. (1985) J. Biol. Chem. 260, 7234-7240) and by its synthetic analog, manoalogue (MLG) (Reynolds L. J., Morgan, B. P., Hite, G. A., Mihelich, E. D., and Dennis, E. A. (1988) J. Am. Chem. Soc. 110, 5172-5177). We have now made a direct comparison of the action of these two inhibitors on PLA2 from cobra, bee, and rattlesnake venoms and have found that MLG behaves kinetically similarly to MLD in all cases with only minor differences. The time courses of inactivation differ significantly between the three enzymes, however, with the inactivation of bee and rattlesnake PLAs2, occurring much faster than does the inactivation of the cobra venom enzyme. The enzymes also differ in their sensitivity to the presence of Ca2+ during the inactivation. Of the three enzymes, the most Ca(2+)-sensitive is the rattlesnake enzyme, which shows a much faster rate of inactivation in the presence of Ca2+ than in the presence of EGTA. However, the same rate of inactivation was also observed when the inhibitor Ba2+ was substituted for Ca2+, indicating that catalytic activity is not required for inactivation of the enzyme. To probe the mechanism of inactivation and to determine the stoichiometry of incorporation, we have synthesized 3H-labeled MLG and have found that inactivation of cobra PLA2 is accompanied by an incorporation of 3.8 mol of [3H]MLG/mol of enzyme. The same amount of 3H incorporation was observed when p-bromophenacyl bromide-inactivated PLA2 was incubated with [3H]MLG, again indicating that catalytic activity is not required for the reaction of PLA2 with MLG. All together, these results suggest that MLD and MLG are not suicide inhibitors of PLA2. A portion of the incorporated radioactivity was acid-labile, and dialysis of the radiolabeled PLA2 under acidic conditions resulted in a loss of about one-third of the enzyme-associated radioactivity, leaving 2.4 mol of [3H]MLG/mol of PLA2. In previous studies, amino acid analysis, which also included acid treatment, indicated that MLG-modified cobra phospholipase A2 contained 2.8 mol of Lys less than the native enzyme. Thus, 1 mol of [3H]MLG is incorporated per mol of Lys lost. The implications of this 1:1 stoichiometry of MLG to Lys on the mechanism of reaction of these inhibitors is discussed.